Phylogenetic analyses based on the mitochondrial gene ND2 and its flanking tRNAs indicate the diminutive upland and insular species Sphenomorphus bukitensis, S. butleri, S. langkawiensis, S. perhentianensis, and S. temengorensis form a monophyletic group that is phylogenetically embedded within the Southeast Asian genus Tytthoscincus. The analyses also indicate that a new swamp-dwelling skink from the Bukit Panchor State Park, Pulau Pinang, Peninsular Malaysia is the sister species to the swamp-dwelling species S. sibuensis from Pulau Sibu, Johor and Singapore and that these two are also embedded in the genus Tytthoscincus. By transferring the two Peninsular Malaysian clades of Sphenomorphus into the genus Tytthoscincus, the monophyly of the latter is maintained. The new species T. panchorensis sp. nov. can be distinguished from all other species of Tytthoscincus by having a unique combination of morphological and color pattern characteristics.
Introduction
The genus Sphenomorphus Fitzinger 1843 is a large, polyphyletic group (Greer & Shea 2003; Linkem et al. 2011; Reeder 2003) composed of a wide variety of adaptive types with at least 118 Asian and Pacific species (Brown & Alcala, 1980; Greer 1974 Greer , 1977 Greer , 1979 Greer , 1989 Grismer 2006a Grismer , 2007a Grismer , 2011 Grismer et al. 2009a; Manthey & Grossman 1997; Lim, 1998) . This genus is well represented in Southeast Asia (De Rooij 1915; Grismer 2006; Grismer 2007a; Grismer et al. 2009a; Lim 1998; Inger et al. 2001; Iskandar 1994; Linkem et al. 2011; Malkmus et al. 2002; Manthey & Grossman 1997; Taylor 1963 ) and 20 species occur in Peninsular Malaysia (Grismer 2011; Grismer et al. 2009a; Grismer & Quah 2015; Sumarli et al. in review) . The most recent additions to this genus in Peninsular Malaysia have primarily been small, brownish, nondescript, secretive, leaf-litter specialists bearing short limbs and elongate bodies with lifestyles leaving them poorly understood and seldom seen (Grismer 2006a (Grismer , 2007a 2011; Grismer et al. 2009a,b) . Their secretive nature and seemingly low vagility has contributed to their allopatry and endemism in upland forests and on islands (Grismer 2011) . Therefore, it is not unexpected to find additional endemics as underexplored regions are surveyed.
In an integrative taxonomic revision of Philippine Sphenomorphus, Linkem et al. (2011) placed several species of Southeast Asian skinks in different genera and in so doing, described the new genus Tytthoscincus Linkem, Diesmos, and Brown to accommodate a clade of diminutive species. The study noted that the diminutive upland and insular species of Sphenomorphus in Peninsular Malaysia likely belonged in this genus but refrained from any formal taxonomic change owing to the absence of genetic and additional morphological analyses. We now have genetic and morphological data demonstrating that the diminutive, montane and insular species S. bukitensis Grismer, S. butleri (Boulenger), S. ishaki (Grismer), S. langkawiensis (Grismer), S. perhentianensis (Grismer & Chan) , and S. temengorensis Grismer, Norhayati, and Chan form a monophyletic group (referred to here as the montane clade) that is phylogenetically nested within the genus Tytthoscincus along with another Peninsular Malaysian clade containing the lowland, swamp-dwelling species S. sibuensis Grismer and a new species described herein from the Bukit Panchor State Park, Pulau Pinang referred to here as the swamp clade (Fig. 1) . In this study we formally recognize these two clades as members of the genus Tytthoscincus and describe a new species of swamp-dwelling skink. FIGURE 1. Distribution of Tytthoscincus panchorensis sp. nov. and its sister species S. sibuensis in Peninsular Malaysia and Singapore.
Materials and methods
Phylogenetic analysis. A dataset composed of 1,026 bp of the mitochondrial gene NADH dehydrogenase subunit 2 gene (ND2) was constructed from 29 individuals comprising all 17 species of ingroup plus two individuals from two outgroup species based on Linkem et al. (2011;  Table 1 ). Total genomic DNA was isolated from liver or skeletal muscle from specimens stored in 95% ethanol using the Qiagen DNeasy TM tissue kit (Valencia, CA, USA). The ND2 gene was amplified using a double-stranded Polymerase Chain Reaction (PCR) under the following conditions: 1.0 ml genomic DNA (~10-33 mg), 1.0 ml (10 mM) light strand primer (5'-AAGCAGTTGGGCCCATACC-3': Macey et al. 1997 ), 1.0 µl (10 mM) heavy strand primer (5'-AACCAAACCCAACTACGAAAAAT-3'; et al. 1997), 1.0 ml deoxynucleotide pairs (1.5 mM), 2.0 ml 5x buffer (1.5 mM), 1.0 ml MgCl 10x buffer (1.5 mM), 0.18 ml Taq polymerase (5u/ml), and 7.5 ml H 2 O. PCR reactions were run on an Eppendorf Mastercycler gradient thermocycler under the following conditions: initial denaturation at 95°C for 2 min, followed by a second denaturation at 95°C for 35 s, annealing at 52°C for 35 s, followed by a cycle extension at 72°C for 35 s, for 33cycles. All PCR products were visualized on a 1 % agarose gel electrophoresis. Successfully amplified PCR products were vacuum purified using MANU 30 PCR Millipore plates and purified products were resuspended in sterile molecular grade water. Purified PCR products were sequenced using the ABI Big-Dye Terminator v3.1 Cycle Sequencing Kit in an ABI GeneAmp PCR 9700 thermal cycler. Cycle sequencing reactions were purified with Sephadex G-50 Fine (GE Healthcare) and sequenced on an ABI 3730xl DNA Analyzer at the BYU DNA Sequencing Center. All sequences were edited in Geneious v6.1.8 (Drummond et al. 2011) and aligned by eye. Mesquite v3.0.2 (Maddison & Maddison 2015) was used to check for premature stop codons and to ensure the correct amino acid read frame.
The phylogenetic analysis applied two model-based methods, Maximum Likelihood (ML) and Bayesian Inference (BI). The Bayesian Information Criterion (BIC) as implemented in IQ-TREE (Nguyen et al. 2015) calculated TN+I+G4 to be the best-fit model of evolution for each codon position of ND2. The tRNAs were treated as a single partition. Maximum Likelihood analyses using IQ-TREE employed 1000 bootstrap pseudoreplicates via the ultrafast bootstrap approximation algorithm. The Bayesian analysis was carried out in MrBayes v3.2.6 Ronquist & Huelsenbeck 2003 ) using default priors on CIPRES (Miller et al. 2010) . Two simultaneous Markov Chain Monte Carlo (MCMC) runs were performed with four chains per run (three hot and one cold) using default priors. The analysis was run for two million generations, sampled every 200 generations, and halted after the average standard deviation split frequency was below 0.01. Convergence of all paramters was verified in Tracer v1.6 (Rambaut et al. 2014) . The first 25% of the trees were discarded as burnin using the sumt function. Stationary distributions were checked in Tracer v1.6 (Rambaut et al. 2014) . Nodes having ultrafast ML bootstrap values of 95 (ML) and BI posterior probabilities (PP) of 0.95 and above were considered significantly supported Nguyen et al. 2015; Wilcox et al. 2002) .
Morphological analysis. All measurements were made with Mitutoyo digital calipers to the nearest 0.1 mm by LLG. Scale counts were made on the right side of the body with a Nikkon SMZ 1500 dissecting microscope. Preserved material examined is listed in the appendix. Scale terminology follows and Lim (1998) . Measurements and scale counts used are snout-vent length (SVL) measured from the tip of the rostral scale to the vent; tail length (TailL) measured from the tip of the tail (original or regenerated) to the vent; axilla-groin length (AxGnL) measured from the posterior margin of the forelimb insertion to the anterior margin of the hind limb insertion; head length (HeadL) measured from the anterior margin of the ear opening to the tip of the rostral scale; head width (HeadW) measured as the widest portion of the temporal region; snout to forelimb length (SnForeL) measured from the anterior margin of the forelimb insertion to the tip of the rostral scale; midbody scale rows counted as the number of longitudinal scale rows encircling the body at a point midway between the limb insertions; paravertebral scale rows counted as the number of scales in a line from the parietal scales to a point on the dorsum opposite the vent; and ventral scale rows counted as a row of scales between the postmentals and the cloacal plate. Other standard counts include supraoculars, suboculars, loreals, supralabials, infralabials, and lamellae beneath Toe IV. Additional characters examined were the degree of contact between the parietals and supraoculars, enlargement of posterior supraciliary scales, degree of contact between the prefrontal scales, presence or absence of enlarged precloacal scales, texture of subdigital lamellae, and degree of overlap of adpressed limbs. Color pattern characters examined were the degree of dark, dorsolateral striping and the presence or absence of well-defined, white, dorsolateral and/or postorbital stripes. Information on characters was also obtained from Boulenger (1897), Greer et al. (2006) , Grismer et al. (2009a) , Inger et al. (2001) ; Kopstein (1926) , Lidth de Jeude (1905) , Stejneger (1908), and Taylor (1918) . 
Results
The phylogenetic analyses demonstrate that the montane and swamp clades of Sphenomorphus from Peninsular Malaysia form separate, well-supported (1.00 PP/100 ML) monophyletic groups and are phylogenetically nested (1.00/93) within the genus Tytthoscincus (Fig. 2) as predicted by Linkem et al. (2011) . Therefore, in order to preserve the monophyly of Tytthoscincus and to correctly represent the evolutionary history of these lineages, the Peninsular Malaysian species are transferred into the genus Tytthoscincus. The morphological analysis supports the molecular analyses by demonstrating that the new population of Tytthoscincus from the Bukit Panchor State Park is discretely diagnosable from all other species or potential species (see Linkem et al. 2011) of Tytthoscincus (Table  2 ) and as such, is described herein as a new species.
Taxonomy
Tytthoscincus panchorensis sp. nov. Bukit Panchor Forest Skink Fig. 3 Holotype. Adult male (LSUHC 12511) collected from Bukit Panchor, State Park, Pulau Pinang, Peninsular Malaysia (N 05°09'13.6", E 100°32'46.6"; 79 m elev.) collected by M. A. Muin on 6 January 2013 from a pitfall trap. Diagnosis. Tytthoscincus panchorensis sp. nov. can be differentiated from all other species of Tytthoscincus by having 29 midbody scale rows; 68 paravertebrals; 57 ventrals; four supraoculars; parietals and supraoculars in contact; one medially projecting superciliary scale; two loreals; six supralabials; five infralabials; bicarinate subdigital lamellae; eight lamellae beneath Toe IV; a dark, diffuse, dorsolateral stripe extending from the eye to the shoulder; and no light-colored dorsolateral stripe (Table 2) . Description of holotype. SVL 35.5 mm; TailL 30.0 mm ; AxGnL 20.4 mm; HeadL 7.2 mm; HeadW 4.5 mm; SnForeL 12.7 mm; rostral wider than long, in broad contact with frontonasal; frontonasal wider than long; prefrontals large, not in contact; frontal elongate, diamond-shaped, in contact with first three supraoculars; five supraoculars; frontoparietals in contact posterior to frontal, contacting third, fourth, and fifth supraoculars anterolaterally and parietals and interparietal posteriorly; left frontoparietals non-overlapping; interparietal diamond-shaped, large, slightly projecting posteriorly; parietal eyespot in posterior projection of parietal; parietals large, in medial contact posterior to interparietal, contacting fifth supraocular anteriorly; enlarged nuchal scales absent; nasals small, widely separated, trapezoidal, contacting rostral anteriorly, frontonasal dorsally, first loreal posteriorly, first supralabial ventrally; nostril in center of nasal; supranasals absent; single loreal taller than wide; single similarly sized preocular in contact with posterior margin of loreal; eight supraciliaries, posterior supraciliary elongate and projecting dorsomedially; two pretemporals, dorsalmost largest; 12 suboculars; six supralabials, third, fourth, and fifth below eye; three postsupralabials; two primary temporals; two secondary temporals, uppermost not contacting parietals; lower eyelid transparent, scaly, no enlarged central window; mental twice as wide as long; single, large postmental, contacting first infralabials on each side; two enlarged pairs of chinshields posterior to postmental, anterior pair contacting medially, posterior pair widely separated posteriorly by a single scale; chinshields contacting first, second and third infralabials; five infralabials; external ear opening equal to diameter of eye, subcircular, lacking anterior lobules; tympanum recessed. Body scales smooth, cycloid, imbricate; ventral scales same size as dorsal scales; 29 longitudinal scale rows around midbody; 68 paravertebral scale rows; 57 ventral scale rows; enlarged, medial, precloacal scale; tail robust, cylindrical; subcaudals slightly larger than dorsal caudals; limbs widely separated when adpressed; left forelimb missing (likely due to predation); scales of dorsal surface slightly larger than those of ventral surface; palmar and plantar scales slightly raised; scales of dorsal surfaces of digits in a single row; subdigital lamellae bicarinate, eight on Toe IV; first digit of manus not vestigial but fully formed.
Coloration (Fig. 3) . Overall dorsal ground color of head, body, limbs, and tail dark grey-brown; scales of all dorsal surfaces edged posteriorly with darker coloration; darker, faint, diffuse dorsolateral postorbital stripe extending just beyond and above forelimb insertion; anterior portion of flanks, sides of neck, and lateral portions of lower jaw orangish; all ventral surfaces beige, generally immaculate.
Distribution. Tytthoscincus panchorensis sp. nov. is known only from the type locality at the Bukit Panchor State Park, Pulau Pinang, Peninsular Malaysia (Fig. 1) .
Natural history. Tytthoscincus panchorensis sp. nov. is a forest floor species inhabiting the swampy area and adjacent hillsides of the Bukit Panchor State Park (Fig. 4) . Etymology. The specific epithet panchorensis is in reference to the type locality of the Bukit Panchor State Park, Pulau Pinang, Peninsular Malaysia. The suffix -ensis is from the Latin word for "from, of" or "from a place" and renders the specific epithet an adjective.
Comparisons (Table 2) . Tytthoscincus panchorensis sp. nov. can be differentiated from all other species of Tytthoscincus or suspected Tytthoscincus by lacking (vs. having) the prefrontals in contact medially, having a single (vs two) loreal scales, and having fewer subdigital lamellae on Toe IV (eight vs 9-15, collectively; Table 2 ). Additionally, T. panchorensis sp. nov. has fewer midbody scale rows (29 vs 30-44 collectively) than all other species except for T. sibuensis and it has more supraoculars (five vs four) than all other species except T. textum. Tytthoscincus panchorensis sp. nov. is most similar to its closest relative T. sibuensis but can be further distinguished from it by having fewer (one vs. two) posteriorly projecting supraciliaries, a greater number of paravertebral scales (68 vs. 58), a greater number of ventral scales (57 vs. 52), fewer Toe IV subdigital lamellae (eight vs. 9-11), by the presence (vs. absence) of a dark, dorsolateral stripe, and the absence (vs. presence) of a light, dorsolateral stripe and light and dark lineate mottling on the throat and neck.
Discussion
As noted by Grismer (2007a) , the importance of partitioning the polyphyletic genus Sphenomorphus sensu lato into separate monophyletic subgroups allows researchers to adequately determine the phylogenetic relationships among species, their historical biogeography, and to begin addressing issues concerning their conservation in a more historically informed context. Knowing that these separate clades of swamp-dwelling and upland skinks from Peninsular Malaysia evolved independently of one another along different ecological trajectories provides insight as to what types of habitats to survey in order to discover additional undescribed, closely related members of each clade and where to implement conservation measures. For example, we received photographs of a diminutive, undescribed skink from the Nee Soon Swamp in Singapore which, based on its size, its light dorsolateral stripe, the unique dark and light lineate mottling on its throat and neck (Grismer 2006b ; Fig. 3 ), its microhabitat, and its geographic proximity to Pulau Sibu (Fig. 1) we tentatively recognize here as T. cf. sibuensis. Expeditions to acquire specimens of this potentially new species are underway.
Recent herpetological research focusing on upland areas in Peninsular Malaysia has resulted in the discovery 33 new species of amphibians and reptiles to date Cobos et al. 2016; Grismer 2006a Grismer ,b, 2007a Grismer , 2008 Grismer et al. 2004 Grismer et al. , 2006 Grismer et al. , 2008 Grismer et al. , 2009a Grismer et al. ,b, 2010a Grismer et al. ,b, 2011 Grismer et al. , 2012 Grismer et al. , 2013a Grismer et al. ,b, 2014 Grismer et al. , 2015a Grismer & Quah 2015; Loredo et al. 2013; Matsui et al. 2009 Matsui et al. , 2014 Wood et al. 2008 Wood et al. , 2009 ) with at least 10 more awaiting description (Grismer et. al unpublished data.; Quah et al. unpublished data.) . We now believe that future explorations of the lowland swamps along the Thai-Malay Peninsula will demonstrate that they too are rich sources of unrealized biodiversity. Support for this comes from the recent descriptions and discoveries of the swampdwelling species of toads Ingerophrynus kumquat (Das & Lim 2001) and I. gollum (Grismer 2007b ) and the geckos Cyrtodactylus payacola (also from the Bukit Panchor State Park; Johnson et al. 2012) , C. semenanjungensis (Grismer & Leong 2005) , C. pantiensis , and C. majulah (also from the Nee Soon Swamp; Grismer et al. 2012) .
